Over the past three decades, the prevalence of atopic dermatitis and allergic or irritant contact dermatitis has been increasing significantly in the general population, causing considerable economic costs and decreased quality of life. [1] [2] [3] Topical corticosteroids have been the first-choice therapy for treatment of these inflammatory skin diseases such as eczema, atopic and seborrheic dermatitis, and psoriasis. While effective in many patients, this form of therapy carry the concern of local and systemic adverse effects and may induce skin atrophy, especially after long-term use. 4, 5) In contrast to topical corticosteroids, the more recently introduced calcineurin inhibitors like tacrolimus and pimecrolimus do not induce skin atrophy, even after long-term use but may induce adverse effects such as burning, erythema and pruritus and are contraindicated in patients younger than two years or in those who are immunosuppressed.
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Topical corticosteroids have been the first-choice therapy for treatment of these inflammatory skin diseases such as eczema, atopic and seborrheic dermatitis, and psoriasis. While effective in many patients, this form of therapy carry the concern of local and systemic adverse effects and may induce skin atrophy, especially after long-term use. 4, 5) In contrast to topical corticosteroids, the more recently introduced calcineurin inhibitors like tacrolimus and pimecrolimus do not induce skin atrophy, even after long-term use but may induce adverse effects such as burning, erythema and pruritus and are contraindicated in patients younger than two years or in those who are immunosuppressed. 6, 7) Thus, the available drugs, although have efficacy they are associated with adverse effects and therefore the development of new and safe anti-inflammatory topical agents for the treatment of dermatitis is needed.
Studies reveal that a large percentage of patients use some form of complementary and alternative medicine for the treatment of atopic and contact dermatitis, which include herbal remedies. [8] [9] [10] In the recent past, several diterpene compounds of plant origin such as abietic acid from Pimenta racemosa var. grissea, hypoestoxide from Hypoestes rosea and marrubiin from Marrubium vulgare were shown to be effective in the mouse model of ear edema induced by several phlogestogens like histamine, bradykinin, capsaicin, prostaglandin E 2 , Croton oil, TPA (12-O-tetradecanoylphorbol 13-acetate) or oxazolone. [11] [12] [13] Centipedic acid (CA) and 12-acetoxy-hawtriwaic acid lactone (AHAL, Tanabalin) are the naturally occurring diterpenes isolated from the aerial parts of Egletes viscosa L. (Asteraceae), a traditional medicinal plant. 14) Previously we reported on the gastroprotective and antinociceptive properties of these diterpenes as well as an anti-edematogenic activity of tanabolin against ear edema induced by capsaicin. 15, 16) However, the anti-inflammatory efficacy of these two diterpene compounds was not tested in the models of ear edema induced by either TPA or oxazolone, the most commonly used ones for analysing the agents effective against contact or atopic dermatitis. 17, 18) Thus as a part of our continuation study, we describe here for the first time the anti-dermatitis effects of these two natural diterpenes from Egletes viscosa using the experimental models of acute and chronic dermatitis induced by TPA and oxazolone, respectively, in the mouse ear. Animals Experiments were performed on male Swiss albino mice (20-25 g ) obtained from the Central Animal House of this University and the Institutional Animal Care and Use Committee approved the experimental protocols, which were in accordance with the guidelines of National Institute of Health, Bethseda, U.S.A.
MATERIALS AND METHODS

Plant Material and Isolation of Diterpenoids
TPA-Induced Ear Edema An edema was induced on the right ear by topical application of 2.5 mg/ear of TPA dissolved in 10 ml of acetone. Ear thickness was measured using an electronic caliper YT 202 (Yato eletronics Co., Ltd., China) before TPA application and 4 h after, and the edema expressed as the increase in ear thickness due to skin inflammation. 19, 20) Vehicle (2% Tween 80 in water), CA (0.125; 0.25, 0.50 mg/ear), AHAL (0.125; 0.25, 0.50 mg/ear) or dexamethasone (0.05 mg/ear) were applied topically in a volume of 20 ml to both sides of the ear immediately before to TPA.
Oxazolone-Induced Contact Dermatitis Contact dermatitis was induced in mouse ear according to a previously described method. 21, 22) Groups of mice (nϭ8) were first sensitized by application of 100 ml of 1.5% oxazolone in ethanol to the abdomen. Then a total of 20 ml of 1% oxazolone in a mixture of acetone and olive oil (4 : 1) was applied to both sides of the mouse ear, once in 3 d starting from day-7 after sensitization till the day-19. Ear thickness was measured using an electronic caliper YT 202 (Yato Eletronics Co., Ltd., China) 72 h after each application of the oxazolone. The vehicle (2% Tween 80 in water), CA (0.125; 0.25, 0.50 mg/ear), AHAL (0.125; 0.25, 0.50 mg/ear) or dexamethasone (0.5 mg/ear) were topically applied in a volume of 20 ml to both sides of the ear 30 min before and 3 h after each application of oxazolone.
Myeloperoxidase (MPO) Assay The myeloperoxidase activity in the ear tissue was assessed 4 h after TPA. 23) Ear tissue (50 mg) was minced and homogenized in 1 ml of 50 mM phosphate-buffered saline (PBS) pH 6.0, containing 0.5% hexadecyltrimethylammonium bromide (HETAB). The homogenate was subjected to three cycles of freezing (Ϫ30°C) and thawing (37°C) and brief periods (15 s) of sonication and after which they were centrifuged at 12000ϫg for 15 min at 4°C. The supernatant (0.1 ml) was mixed with 2.9 ml of 50 mM phosphate buffer, pH 6.0, containing 0.167 mg/ml o-dianisidine dihydrochloride and 0.0005% hydrogen peroxide. The change in absorbance at 470 nm was then measured for 5 min using a Beckman spectrophotometer (Beckman DU 640B).
Measurement of Tumor Necrosis Factor-a a (TNF-a a)
The TNF-a in mouse ear tissue was assessed 4 h after TPA. 18) Ears were excised from the animal groups treated with vehicle, CA (0.5 mg/ear), AHAL (0.5 mg/ear) or dexamethasone (0.05 mg/ear), and homogeneized in 50 mM Tris-HCl buffer (pH 7.5) with 1 mM EDTA, and their homogenates was incubed on ice for 15 min in the presence of 0.1% Triton X-100. The homogenates were centrifuged at 10000ϫg for 10 min. TNF-a in the supernatant was measured by ELISA using the commercial kit for TNF-a (Quantikine ® , R&D Systems, Minneapolis, U.S.A.). The assay was performed according to the manufacturer's instructions.
Measurement of Interferon-g g (IFN-g g) The IFN-g in mouse ear tissue was assessed 6 h after the last application of oxazolone. 24) Ears were excised from the animal groups treated with vehicle, CA (0.5 mg/ear), AHAL (0.5 mg/ear) or dexamethasone (0.05 mg/ear), and homogeneized with 1 ml of 0.1% Tween 20 in phosphate-buffered saline (PBS; pH 7.4). Samples were frozen at Ϫ30°C for 30 min, thawed in a 37°C water bath for 15 min with the freezing and thawing procedure repeated once, then were sonicated for 15 s and centrifuged for 5 min at 13000ϫg. The supernatants were collected and kept at Ϫ30°C until measurement of cytokines. IFN-g levels were determined using the commercial kit of ELISA (Quantikine ® ) from R&D Systems (Minneapolis, U.S.A.). The assay was performed according to the manufacturer's instructions.
Histopathological Study Mouse ears were excised 4 h after TPA administration and 6 h after the last application of oxazolone and fixed in 10% buffered formalin solution, embedded in paraffin by standard methods, cut into 5 mm sections, stained with hematoxylin-eosin, and then assessed under light microscopy.
Statistical Analysis The results are expressed as meanϮS.E.M. from 8 mice per group. For statistical analysis, ANOVA followed by Student Newman Kuel's post hoc test was used. A pϽ0.05 was considered statistically significant. RESULTS TPA (2.5 mg/ear) in the mouse ear induced an edematogenic response as evidenced by a marked increase in ear thickness and as well as a marked increase in MPO activity, a marker of neutrophil influx at 4 h following its topical application (Figs. 2A, B) . Animal groups that received topical pre-treatments with either CA or AHAL (0.125; 0.25, 0.5 mg/ear) showed significantly less ear edema to the extent of 33%, 50%, 63%, and 45%, 55% and 61%, respectively ( Fig.  2A) . MPO activity was also markedly reduced in animal groups that received either of these diterpenes and the inhibitions were in the order of 76%, 85%, 90% for CA, and 81%, 86% and 95% for AHAL, respectively (Fig. 2B) . The corticosteroid dexamethasone (0.05 mg/ear) also significantly suppressed the ear edema and MPO activity by 81% and 95%, respectively. TPA significantly enhanced the TNF-a in the ear tissue of vehicle-treated mice (Fig. 2C) . The TPAassociated increase in TNF-a levels were significantly low in animal groups treated with CA (0.5 mg/ear), AHAL (0.5 mg/ear) or dexamethasone (0.05 mg/ear).
In the oxazolone challenged group, the ear thickness significantly increased from day 4 onwards and stayed all throughout the experimental period, an indication of chronic dermatitis. CA (0.25, 0.5 mg/ear/d), AHAL (0.5 mg/ear/d) and dexamethasone (0.05 mg/ear/d) significantly suppressed the oxazolone-induced increase in ear thickness (Figs. 3A,   B ). Oxazolone significantly enhanced the interferon-g in the ear tissue of vehicle-treated mice (Fig. 3C) . The oxazoloneassociated increase in IFN-g levels were significantly low in animal groups treated with CA (0.5 mg/ear), AHAL (0.5 mg/ear) or dexamethasone (0.05 mg/ear).
Histological analysis of representative mouse ear 4 h after application of TPA (2.5 mg/ear) showed intense dermal edema and inflammatory cell infiltration (Fig. 4B) , compared to the one treated with vehicle (Fig. 4A) . Figure 4D details the TPA-induced intense dermal edema and much cell infiltration with mononuclear and polimorphonuclear cells as compared with vehicle treatment (Fig. 4D) . These events were markedly reduced in ear tissues of animal groups treated with dexamethasone (0.05 mg/ear), CA (0.5 mg/ear), or AHAL (0.5 mg/ear) (Figs. 4E, F, G, respectively) . Repeated applications of oxazolone (1%, 20 ml/ear) induced an intense dermal edema, hyperplasia, and inflammatory cell infiltration with mononuclear and polimorphonuclear cells in ear tissues of vehicle-treated controls (Fig. 5A) . Treatment with dexamethasone (0.05 mg/ear) prevented both dermal edema and the inflammatory cell infiltration (Fig. 5B ). While CA (0.5 mg/ear) reduced prominently the cell infiltration, its anti-edema effect was partial and inferior to that of dexamethasone (Fig. 5C ). AHAL treatment resulted in only smaller reductions of dermal edema and inflammatory cell infiltration (Fig. 5D ).
DISCUSSION
The results of this investigation provide evidence that the diterpenes centipedic acid (CA) and 12-acetoxy-hawtriwaic acid lactone (AHAL) from Egletes viscosa are topically active in the attenuation of acute dermatitis induced by 12-Otetradecanoylphorbol-13-acetate (TPA) or chronic dermatitis- induced by oxazolone. Both compounds (0.125; 0.25, 0.5 mg/ear) caused a dose-dependent suppression of TPA-associated inflammatory edema, polymorphonuclear leukocyte migration, and the increase in tissue levels of TNF-a, in a manner similar to dexamethasone, the reference anti-inflammatory drug. Topical application of TPA, the well-characterized protein kinase C activator and tumor promoter, is a valid model to screen compounds effective for potential topical antiinflammatory therapy. A single aplication of TPA induces oxidative stress, cutaneous inflammation and epidermal hyperplasia due to enhanced keratinocyte proliferation. TPA induces TNF-a production and the formation of LTB4 with a resultant increase in vascular permeability and neutrophil influx. 18) Myeloperoxidase (MPO) is an enzyme found in neutrophils, which is commonly used as an index of granulocyte infiltration, and its inhibition is indicative of an antiinflammatory action. 23) Therefore in characterizing the topical antiinflammatory potential of diterpenes under investigation, we examined their effects on TPA-associated increase in TNF-a and on MPO activity in mouse ear homogenates. The topical application of CA and AHAL, similar to the antiinflammatory drug dexamethasone, resulted in marked inhibition of TNF-a and MPO activity, and consequently the edema formation and migration of polymorphonuclear leukocytes induced by TPA. Our histological analysis of the ear tissue clearly confirmed that the diterpenes and dexamethasone inhibited the influx of polymorphonuclear cells to the mouse ear skin following TPA application.
The mouse ear edema test allows not only to identify the potential allergens on the basis of challenge-induced increases in ear thickness in sensitized animals, but also undertake a subsequent study on potential inhibitory agents.
25) The inhibition of this dermal reaction can be expressed as the decrease in ear edema or ear thickness as compared to the control group. In the present study oxazolone applied to sensitized mice induced an increase in ear thickness that reached the maximum level, 16 to 19 d after sensitization. The contact dermatitis induced by oxazolone was associated with a concomitant increase in tissue levels of IFN-g. 22) Topical application of CA and AHAL markedly suppressed the ear thickening and epidermal hyperplasia as well as the increase in IFN-g, suggesting their usefulness in skin diseases such as psoriasis wherein IFN-g plays a crucial role. However, while the effects of diterpenes on IFN-g production are equivalent to dexamethasone, the antiedema effect of diterpenes under investigation showed a decline of efficacy with time, more so with AHAL. In this context, studies of Saulnier et al. have shown that in mice with a targeted disruption of the IFN-g receptor, the cutaneous edema is IFN-g-independent.
26) Oxazolone-induced allergic contact dermatitis in mice is mediated by leukotrienes, prostaglandins, histamine, inflammatory cytokines, and IgE and cellular infiltrate is associated with general predominance of mononuclear cells over neutrophils against which comparatively dexamethasone may have greater suppressive impact. 27) Moreover, unlike dexamethasone, the diterpenes action might have been restricted to the site of application. Since all mediator substances have not been analysed, it is difficult to explain from the present work, why the diterpenes action was declined with time. Possibly, these diterpenes are not as efficient as dexamethasone in suppressing the mediators formed during the time course of this chronic inflammatory model.
Many drug classes such as bradykinin antagonists, antihistaminergics and antiserotonergics, steroidal and nonsteroidal anti-inflammatory agents, and vanilloid antagonists like capsazepine and ruthenium red can modulate the ear edema response, depending on the nature of edematogen. [28] [29] [30] Also, plants and plant-originated substances have relevance in dermatology for both their adverse and beneficial effects on skin disorders and the skin in general. 31) Amongst the plant-derived natural products, the most effective groups with the inhibitory properties against contact dermatitis are the phenolics and terpenoids. Many of these compounds act by means of a non-specific mechanism (e.g. antioxidants), but may also act via specific mechanisms such as the inhibition of the mediators implicated in the immune response.
Previous studies established the anti-inflammatory activity of few diterpene compounds like suaveolol and methyl suaveolate from Hyptis suaveolens on Croton oil-induced dermatitis of the mouse ear, triptonide from Trypterigyum wilfordii against dermatitis induced by DNFB in the mouse skin, and andalusol from Sideritis foetens by mechanisms that involve T cell suppression, inhibition of cytokine production, and or inactivation of NF-kB. [32] [33] [34] The diterpene lactone AHAL has been reported to suppress the capsaicininduced ear edema, a valid model to screen compounds for potential antiallergic and local anti-inflammatory activities. However, it showed no obvious effect on paw edema induced by Compound 48/80, histamine or serotonin but effectively decreased the vascular permeability increase induced by intraperitoneal acetic acid. 16) This suggests that AHAL exerts significant anti-inflammatory activity on topical edema induced by capsaicin through an action independent of mast cell stabilization or histamine-and serotonin-receptor antagonism. In the present study, CA and AHAL significantly suppressed the ear edema and the increased level of IFN-g, a Th1 cytokine that activates various types of cells resulting in inflammatory events and the induction of skin hypertrophy due to an increase in keratinocyte proliferation. 35, 36) In this context, a previous study described the antiproliferative activity of 12-acetoxy-hawtriwaic acid lactone on cell growth of human cell line, CCD922 normal skin fibroblasts. 37) In conclusion, we provided in vivo evidence to show that the diterpenes from Egletes viscosa are effective topical antiinflammatory agents in the experimental models of acute or chronic dermatitis and suggest that these may serve as lead compounds for developing drugs effective in skin inflammatory disorders like atopic or contact dermatitis and in psoriasis.
